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(57) ABSTRACT

An image forming apparatus having a first power state and
a second power state, which is lower in power consumption
than the first power state, includes a detection unit in which
a plurality of elements for detecting an object are arranged,
and a control unit configured to acquire a detection result
from part of the plurality of elements and to determine
whether a person is present in a detection range of the
detection unit, and in a case where it is determined that a
person is present in the detection range, to acquire a detec-
tion result from part of the plurality of elements of the
detection unit and to determine whether to shift the image
forming apparatus from the second power state to the first
power state.

19 Claims, 17 Drawing Sheets

REACH POWER SAVING
RETURN DISTANCE

6012

s 6012

= BN E0 £a TN SIS

6013
1Y go17

abcdefgh



US 9,485,377 B2

Sheet 1 of 17

Nov. 1, 2016

U.S. Patent

LINA TOHINOGD || 1NN DNIAIGG LING TOHINOGD || LIND DNIAIEG
HIINIHd H3 INItd HINNYDS HIANNYDS
P Y (
A 3
uz NIt mmm HINNYIS 08 c08 »oE
T T { {
} y i 5 )
LiE LINA pig LIND
ONISSIDOH aaM WOoH | | TOHINGD
. IOYINI Addns
! ! | HIMO
it
208 oM o0 T | n |
HITIOHLN 41 LIN
NV LN LNO/ NN Wyd Ndo
i A | | }
908 508 208 108
OE
¥
SNLYHY Y L LINA
TYNHILXT w NOILYNIWE313g [ °09
7
0c e HOSNES AVHYY || (g
y REDPRRY
i
/ ~G)
ol 'Ol LINA HOSNIS




U.S. Patent Nov. 1, 2016 Sheet 2 of 17 US 9,485,377 B2

500 3?4
¢ FIRST : -
D POWER e POWER SUPPLY CONTROL UNIT -
SUPPLY UNIT| ||
{ : 306
501 LAN P
CONTROLLER
302
~  RaM
Dy
T 4| sensorumrT |2
514 ~15
£ oPy ~ 307
£ ROM 303
€ HDD - 308
{powER savING] | R
BUTTON -L204
y SECOND Gy ~12
W POWER &= DISPLAY UNIT ||
jg— SUPPLY UNIT ‘““"ﬁo 201
512 g 517
502 MAGE i
PROCESSING uniT [ 309
Fy PRINTER
) )
ol controL unrr | 1547
H L.
v6 THIRD 516 ~14
PRINTER
N{E\z}“ suggﬁﬁgmr DRIVING UNIT 1342
513 \
503 Ey SCANNER
gy _y
10! controLunr | 1527
—— FOWER v H 515 e 13
L
* SIGNAL g0 DRIVING UNIT [+332
)




US 9,485,377 B2

Sheet 3 of 17

Nov. 1, 2016

U.S. Patent

{2

@)

FDVSEYd

Yady




US 9,485,377 B2

Sheet 4 of 17

Nov. 1, 2016

U.S. Patent

LL09
€109 |
2109 1

€0 P 4 453 o £ DN 0o

|
Z

{109 » m

£109 VE -4 HOSN3IS 40

ci09 w 1INS3H NOILDALAG

%)

1109

B
vauy )
NOLLD3L3a /S%
Z109

FONVY.LSIA NHNL3Y
DNIAVYS H3MOd HOYEH

[
001
1109
3
VECV] £109  AGOS NYWNNH ONY
OIGEIET SALVHYddY NIIMLIE
, SAIHSNOILY 13H
AN HONYLSIO GNY LHDIEH

YEHY NOLLOZ3130 U3ING

v Ol




U.S. Patent Nov. 1, 2016 Sheet 5 of 17 US 9,485,377 B2

{  START )

Bon
o

¥ 3401
SENSOR INITIAL READING
¥ 5402
WAIT
y

5403
—

PERSON
DETECTED?

= YES
¥

CREATE SENSOR
READING PATTERN

¥ 5405
SENSOR READING

5404

5406
A

RETURN? YES

5409
—S407 ¥ \

RETURN FROM
WAIT POWER SAVING MODE

7 PERSON
~._ DETECTED?




U.S. Patent Nov. 1, 2016 Sheet 6 of 17 US 9,485,377 B2

5109 5110 5111 5112
5113|5114 5115 5116

e
i \

\‘s

| |
\'\ 1‘
\1 |
] |

/

i s 2 7 B~ Y % ) B« B B o +)

/a/b c/d/e/f/g/h
5101 15102 ’5103 5104 (
5105 5106 5107 5108



U.S. Patent Nov. 1, 2016 Sheet 7 of 17 US 9,485,377 B2

=t R 2 = L N =) €O

6107

a b c d e f g bh



U.S. Patent Nov. 1, 2016 Sheet 8 of 17 US 9,485,377 B2

=5 B3 3 de 8 O ~f 00

a b c de f g h



U.S. Patent Nov. 1, 2016 Sheet 9 of 17 US 9,485,377 B2

-k B2 W e U N o~

a b c d e f g h



U.S. Patent Nov. 1, 2016 Sheet 10 of 17 US 9,485,377 B2

bk By 3 A U0 = OO

a b c d e f g h



U.S. Patent Nov. 1, 2016 Sheet 11 of 17 US 9,485,377 B2

NORMAL
OPERATION MODE
15?01
15?03
)
LOW POWER CONSUMPTION MODE
15002~ .

SENSOR 15004
ACCESS CALCULATION

- 2 mses -

et 10 msec -




U.S. Patent Nov. 1, 2016 Sheet 12 of 17 US 9,485,377 B2

LOW POWER
16?01 CONSUMPTION MODE
NORMAL 16?03
OPERATION MODE <
~4 SENSOR
16002 ACCESS T~ 168004
CALCULATION
- 4 msec -
- 10 msec -




U.S. Patent Nov. 1, 2016 Sheet 13 of 17 US 9,485,377 B2

10108

10107

10106

10105




U.S. Patent Nov. 1, 2016 Sheet 14 of 17 US 9,485,377 B2

8
11104~j5”
6
11108— 11105
4
3
11102»2; ~11112
1 11111
11101 "

a b c d e f g h



U.S. Patent Nov. 1, 2016 Sheet 15 of 17 US 9,485,377 B2

7102

-t B W B W O~ 0

a b ec d e f g h



U.S. Patent Nov. 1, 2016 Sheet 16 of 17 US 9,485,377 B2

wh B 0 & T OB O~ B

abcde}fgh
13001



U.S. Patent Nov. 1, 2016 Sheet 17 of 17 US 9,485,377 B2

14001 LOW POWER
(

CONSUMPTION MODE
14002
NORMAL OPERATION MODE y
SENSOR ACCESS L CALCULATION
7 mses

[ §
¥

10 msee o

4
i




US 9,485,377 B2

1
CONTROLLING POWER STATE BASED ON
PRESENCE DETECTION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image forming appa-
ratus for detecting the approach of a person, using a sensor,
thereby controlling a power state, and a method for control-
ling the image forming apparatus.

2. Description of the Related Art

There is a growing concern about the environment, and
many devices have environment-friendly functions, power
saving modes and power usage displays. Image forming
apparatuses also have power saving modes and are con-
trolled to shift to those power saving modes when the image
forming apparatuses are not in use. For example, a technique
for detecting the approach of a person, using a sensor,
thereby controlling the image forming apparatus is dis-
cussed.

Japanese Patent Application Laid-Open No. 7-288875
discusses a technique for acquiring information from an
infrared array sensor for detecting a person, and then deter-
mining the presence or absence of a person.

In the technique of Japanese Patent Application Laid-
Open No. 7-288875, however, a control function for deter-
mining the presence or absence of a person based on the
detection result of the infrared array sensor reads informa-
tion from all the elements of the infrared array sensor to
make the determination. This increases the power consump-
tion in the control function. Thus, to further save power, it
is necessary to reduce the power consumption in the control
function.

With reference to FIG. 17, this technique will be specifi-
cally described below.

FIG. 17 is a diagram illustrating the operation modes of
a processor for reading data from the infrared array sensor
in the conventional art and making a determination.

For example, a description will be given using as an
example a case where a processor repeats a normal operation
mode 14001, in which the processor reads data from the
infrared array sensor and makes a determination, and a low
power consumption mode 14002, in which the power con-
sumption is reduced without performing processing.

In the example illustrated in FIG. 17, the time in which the
processor operates in the normal operation mode 14001 and
which includes the time of access to the infrared array sensor
and the calculation time for the determination accounts for
about 70% of one cycle. This results in a situation where the
processor cannot obtain much of the effect of the low power
consumption mode 14002. Although depending on the type
of the processor, the power consumption of the processor in
this state is about 14.8 mW.

Thus, there is a possibility that reduction of the power
consumed in the operation for detecting the approach of a
user using a sensor (a human detection operation) can
further reduce the power consumption of an image forming
apparatus for detecting the approach of a user, using a
sensor, thereby shifting a power mode.

SUMMARY OF THE INVENTION

The present invention is directed to a mechanism for
reducing the power consumption in a human detection
operation to further reduce the power consumption of an
image forming apparatus.

10

15

20

25

30

35

40

45

50

55

60

65

2

According to an aspect of the present invention, an image
forming apparatus having a first power state and a second
power state, which is lower in power consumption than the
first power state, includes a detection unit in which a
plurality of elements for detecting an object are arranged,
and a control unit configured to acquire a detection result
from part of the plurality of elements and to determine
whether a person is present in a detection range of the
detection unit, and in a case where it is determined that a
person is present in the detection range, to acquire a detec-
tion result from part of the plurality of elements of the
detection unit and to determine whether to shift the image
forming apparatus from the second power state to the first
power state.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating an example of a
configuration of an image forming apparatus according to a
present exemplary embodiment.

FIG. 2 is a diagram illustrating an example of a configu-
ration of a power supply circuit of the image forming
apparatus.

FIG. 3 is a diagram illustrating an example of a detection
area of an infrared array sensor.

FIGS. 4A and 4B are diagrams each illustrating an
example of a detection result of a sensor according to a
distance between the image forming apparatus and a human
body.

FIG. 5 is a flowchart illustrating an example of a deter-
mination process performed by a determination unit.

FIG. 6 is a diagram for illustrating elements from which
temperature data is read according to a first exemplary
embodiment.

FIG. 7 is a diagram for illustrating elements from which
temperature data is read according to the first exemplary
embodiment.

FIG. 8 is a diagram for illustrating elements from which
temperature data is read according to the first exemplary
embodiment.

FIG. 9 is a diagram for illustrating elements from which
temperature data is read according to the first exemplary
embodiment.

FIG. 10 is a diagram for illustrating elements from which
temperature data is read according to the first exemplary
embodiment.

FIG. 11 is a diagram illustrating a proportion of execution
of operation modes of the determination unit in a state where
a person is not detected.

FIG. 12 is a diagram illustrating a proportion of execution
of the operation modes of the determination unit in a state
where a person is detected.

FIG. 13 is a diagram for illustrating elements from which
temperature data is read according to a second exemplary
embodiment.

FIG. 14 is a diagram for illustrating elements from which
temperature data is read according to the second exemplary
embodiment.

FIG. 15 is a diagram illustrating an order of elements from
which temperature data is read according to a third exem-
plary embodiment.

FIG. 16 is a diagram illustrating a case where reading of
temperature data is stopped according to the third exemplary
embodiment.
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FIG. 17 is a diagram for illustrating operation modes of a
processor for reading data from an infrared array sensor and
making a determination according to the prior art.

DESCRIPTION OF THE EMBODIMENTS

Various exemplary embodiments, features, and aspects of
the invention will be described in detail below with refer-
ence to the drawings. Each of the embodiments of the
present invention described below can be implemented
solely or as a combination of a plurality of the embodiments
or features thereof where necessary or where the combina-
tion of elements or features from individual embodiments in
a single embodiment is beneficial.

FIG. 1 is a block diagram illustrating an example of the
configuration of an image forming apparatus according to an
exemplary embodiment of the present invention. As illus-
trated in FIG. 1, an image forming apparatus 100 according
to a first exemplary embodiment includes a controller 11, a
scanner unit 13, a printer unit 14, an operation unit 12, and
a sensor unit 15.

The image forming apparatus 100 has at least two power
modes (power states) including a normal operation power
mode (a normal operation power state) for performing a
copy operation or the like, and a power saving mode (a
power saving state), which is lower in power consumption
than the normal operation power mode. If the image forming
apparatus 100 is not used even after the lapse of a certain
period of time, the power mode of the image forming
apparatus 100 is shifted to the power saving mode under the
control of the controller 11. In the power saving mode, the
supply of power to the scanner unit 13 and the printer unit
14 is stopped, and the supply of power to a part within the
controller 11 and unnecessary portions within the operation
unit 12 is stopped. The details will be described below.
<Description of Controller 11>

A description will be given below of the details of the
controller 11, which controls the operation of the entire
image forming apparatus 100.

As illustrated in FIG. 1, the controller 11 is electrically
connected to the above-described scanner unit 13, the printer
unit 14, the operation unit 12, and the like.

The controller 11 includes a central processing unit (CPU)
301, a random-access memory (RAM) 302, a read-only
memory (ROM) 303, a power supply control unit 304, an
input/output unit interface (I/F) 305, and a local area net-
work (LAN) controller 306. The CPU 301, the RAM 302,
the ROM 303, the power supply control unit 304, the
input/output unit /F 305, and the LAN controller 306 are
connected to a system bus 307.

The controller 11 also includes a hard disk drive (HDD)
308, an image processing unit 309, a scanner I/'F 310, and a
printer I/F 311. The HDD 308, the image processing unit
309, the scanner I/F 310, and the printer I/F 311 are
connected to an image bus 312.

Based on a control program stored in the ROM 303, the
CPU 301 performs overall control of access to various
devices connected to the controller 11 and also performs
overall control of various processes performed by the con-
troller 11. The RAM 302 is a system work memory for the
operation of the CPU 301. The RAM 302 also serves as a
memory for temporarily storing image data. The RAM 302
includes a static random-access memory (SRAM), which
can hold a stored content even when the power is turned off,
and a dynamic random-access memory (DRAM), from
which a stored content is erased when the power is turned
off. The ROM 303 stores a boot program for the apparatus.
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The input/output unit I/F 305 is an interface unit for
connecting the system bus 307 and the operation unit 12.
The input/output unit I/F 305 receives, from the system bus
307, image data to be displayed on the operation unit 12 and
outputs the image data to the operation unit 12. The input/
output unit I/F 305 also outputs, to the system bus 307,
information input from the operation unit 12 and the sensor
unit 15.

The LAN controller 306 controls the input and output of
information between the image forming apparatus 100 and
an external apparatus 20 (e.g., a personal computer) con-
nected to a network 30. The details of the power supply
control unit 304 will be described below.

The image bus 312 is a transmission path for exchanging
image data, and is formed of, for example, a Peripheral
Component Interconnect (PCI) bus and an Institute of Elec-
trical and Electronics Engineers (IEEE) 1394 bus. The HDD
308 is a hard disk drive and stores system software and
image data. The controller 11 may include another storage
device such as a solid-state drive (SSD). The image pro-
cessing unit 309 is used to perform image processing. The
image processing unit 309 reads image data stored in the
RAM 302 and performs image processing on the image data.
Examples of the image processing include the enlargement
or reduction and the color adjustment of a Joint Photo-
graphic Experts Group (JPEG) image or a Joint Bi-level
Image Experts Group (JBIG) image.
<Description of Sensor Unit 15>

The sensor unit 15 includes an infrared array sensor 601
and a determination unit 602. Power is supplied to the sensor
unit 15 from a first power supply unit 501 (FIG. 2) to be
described below, even in the power saving mode. If power
is being supplied to the sensor unit 15, power is always
supplied to the infrared array sensor 601, whereas the supply
of power to the determination unit 602 may be appropriately
stopped. If, however, the infrared array sensor 601 detects a
predetermined response, power is immediately supplied to
the determination unit 602. In the normal operation power
mode, the supply of power to the sensor unit 15 may be
disconnected. Then, if the normal operation power mode
shifts to the power saving mode, power may be supplied to
the sensor unit 15.

The infrared array sensor 601 is formed by arranging, in
a matrix, infrared receiving elements (infrared sensors) for
receiving infrared light. The infrared array sensor 601
receives infrared light radiated from a person, thereby
detecting that the person approaches the image forming
apparatus 100. Although a description will be given here of
an example in which the infrared array sensor 601 detects a
person, the infrared array sensor 601 can detect any object
that radiates infrared light. The infrared array sensor 601 is
not limited to the above configuration. Further, the present
invention is not limited to an infrared array sensor. Alter-
natively, a different array sensor formed by arranging a
plurality of sensors may be used.

The determination unit 602 is, for example, a processor,
and reads and executes a program stored in a storage device
such as a ROM (not illustrated), thereby achieving the
following function. The determination unit 602 processes
the detection result of the infrared array sensor 601 (for
example, calculates the temperature of an object based on
temperature data output from a predetermined infrared
receiving element of the infrared array sensor 601) to
determine the presence of a user, and outputs a power supply
request signal (a signal Q in FIG. 2) to the power supply
control unit 304 according to the determination result. If the
power supply control unit 304 receives the power supply
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request signal Q, the power supply control unit 304 returns
the power mode of the image forming apparatus 100 to the
normal operation power mode. The details of the determi-
nation process performed by the determination unit 602 will
be described below.

The scanner unit 13 is a device for reading an image
formed on a document, thereby acquiring image data. The
scanner unit 13 inputs, to a charge-coupled device (CCD)
sensor, reflected light of light emitted onto the image formed
on the document, thereby converting information about the
image into an electric signal. The electric signal is converted
into luminance signals of R (red), G (green), and B (blue)
colors, and the luminance signals are output to the controller
11. The scanner unit 13 includes a scanner control unit 331
and a scanner driving unit 332. The scanner driving unit 332
is a physically-driving device including a sheet conveying
motor for conveying a document set in a tray to a reading
position of the scanner unit 13. The scanner control unit 331
controls the operation of the scanner driving unit 332. The
scanner control unit 331 receives, through communication
with the CPU 301, setting information set by a user when a
scanner process is performed. Then, the scanner control unit
331 controls the operation of the scanner driving unit 332
based on the setting information.

The printer unit 14 is a device for forming an image on a
sheet using input image data. The printer unit 14 includes a
printer control unit 341 and a printer driving unit 342. The
printer driving unit 342 is a physically-driving device
including a motor for rotating a photosensitive drum, a
motor for rotating a fixing device, and a sheet conveying
motor. The printer control unit 341 controls the operation of
the printer driving unit 342. The printer control unit 341
receives, through communication with the CPU 301, setting
information set by the user when a printing process is
performed. Then, the printer control unit 341 controls the
operation of the printer driving unit 342 based on the setting
information. The image forming method of the printer unit
14 is not limited to an electrophotographic method using a
photosensitive drum and a photosensitive belt. Alternatively,
for example, the printer unit 14 may use an ink-jet method
for discharging ink from a minute nozzle array to perform
printing on a sheet, or another printing method.
<Description of Configuration of Power Supply Circuit of
Image Forming Apparatus>

FIG. 2 is a diagram illustrating an example of the con-
figuration of a power supply circuit of the image forming
apparatus 100.

To all the above components of the image forming appa-
ratus 100, power generated by a power unit is supplied. The
power unit includes the first power supply unit 501, a second
power supply unit 502, and a third power supply unit 503.
To the power unit, alternating current power is supplied from
a public power supply via a power plug 500.

The first power supply unit 501 converts the alternating
current power supplied via the power plug 500 into direct
current power (e.g., 5.1 V (first output power)). Then, the
direct current power is supplied to devices in a first power
supply system (the power supply control unit 304, the CPU
301, the RAM 302, the ROM 303, the HDD 308, the LAN
controller 306, the sensor unit 15, and a power saving button
204 of the operation unit 12). In the present exemplary
embodiment, the CPU 301 operates with power supplied
only from the first power supply unit 501, without receiving
the supply of power from the second power supply unit 502
or the third power supply unit 503. That is, the power supply
of the CPU 301 is independent of the second power supply
unit 502 and the third power supply unit 503.
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The second power supply unit 502 converts the alternat-
ing current power supplied via the power plug 500 into
direct current power (e.g., 12 'V (second output power)). The
direct current power is supplied to devices in a second power
supply system (a display unit 201 of the operation unit 12,
the image processing unit 309, the printer control unit 341
of' the printer unit 14, and the scanner control unit 331 of the
scanner unit 13).

Further, the third power supply unit 503 converts the
alternating current power supplied via the power plug 500
into direct current power (e.g., 24 V) and supplies the power
to devices in a third power supply system (the printer driving
unit 342 and the scanner driving unit 332).

Further, between the first power supply unit 501 and the
devices in the first power supply system, a power switch 510
is provided. The power switch 510 enters an on state or an
off state by an operation performed by the user. To the power
supply control unit 304, a signal A, which indicates the state
(the on state or the off state) of the power switch 510, is input
from the power switch 510. Further, between the first power
supply unit 501 and the devices in the first power supply
system, a switch 511 is provided. The switch 511 is placed
in parallel with the power switch 510, and includes a
field-effect transistor (FET). The switch 511 changes from
an on state to an off state or from the off state to the on state
according to a control signal B, which is output from the
power supply control unit 304.

Between the power plug 500 and the second power supply
unit 502, a relay switch 512 is provided. Further, between
the power plug 500 and the third power supply unit 503, a
relay switch 513 is provided. Each of the relay switches 512
and 513 changes from an on state to an off state or from the
off state to the on state according to a control signal C, which
is output from the power supply control unit 304.

Between the power switch 510 and the CPU 301, the
ROM 303, and the HDD 308, a switch 514 is provided. The
switch 514 changes from an on state to an off state or from
the off state to the on state according to a control signal D,
which is output from the power supply control unit 304.

Between the second power supply unit 502 and the
display unit 201, a switch 517 is provided. Between the
second power supply unit 502 and the printer control unit
341, a switch 516 is provided. Further, between the third
power supply unit 503 and the printer driving unit 342, a
switch 519 is provided. The switch 517 changes from an on
state to an off state or from the off state to the on state
according to a control signal G, which is output from the
power supply control unit 304. The switch 516 changes from
an on state to an off state or from the off state to the on state
according to a control signal F, which is output from the
power supply control unit 304. Further, the switch 519
changes from an on state to an off state or from the off state
to the on state according to a control signal I, which is output
from the power supply control unit 304.

Between the second power supply unit 502 and the
scanner control unit 331, a switch 515 is provided. Further,
between the third power supply unit 503 and the scanner
driving unit 332, a switch 518 is provided. The switch 515
changes from an on state to an off state or from the off state
to the on state according to a control signal E, which is
output from the power supply control unit 304. Further, the
switch 518 changes from an on state to an off state or from
the off state to the on state according to a control signal H,
which is output from the power supply control unit 304.

The power supply control unit 304 will be described
below.



US 9,485,377 B2

7

The power supply control unit 304 is, for example, a
complex programmable logic device (CPLD). The power
supply control unit 304 controls the image forming appara-
tus 100 to shift to each of the above power states. To the
power supply control unit 304, power is supplied in the
power saving mode, and the power supply control unit 304
detects a plurality of types of return triggers for returning
from the power saving mode.

The power supply control unit 304 receives as a return
trigger a signal P from the LAN controller 306. The signal
P is output to the power supply control unit 304 when the
LAN controller 306 receives a page description language
(PDL) job.

Further, the power supply control unit 304 receives as a
return trigger a signal R from the power saving button 204
of the operation unit 12. The signal R is output to the power
supply control unit 304 when the power saving button 204
is operated by the user. Further, the power supply control
unit 304 receives as a return trigger the signal Q from the
sensor unit 15. The signal Q is output to the power supply
control unit 304 when the sensor unit 15 detects a person
approaching the image forming apparatus 100.

Further, the power supply control unit 304 may receive
another signal as a return trigger.

For example, the power supply control unit 304 receives
as a return trigger a signal from a document detection sensor
(not illustrated) for detecting a document placed on a
document tray of a document feeding device attached to the
scanner unit 13. This signal is output to the power supply
control unit 304 when the document detection sensor detects
a document. Further, the power supply control unit 304
receives as a return trigger a signal from a sheet detection
sensor (not illustrated) provided in a manual feed tray of the
printer unit 14. This signal is output to the power supply
control unit 304 when a sheet is set in the manual feed tray.

The power supply control unit 304 changes the states of
the switches 511 to 518 to the on states based on the above
return triggers (the signals P, Q, and R or the above signals
that are not illustrated).

It the power switch 510 enters the off state by an operation
performed by the user, the signal A in a signal state indi-
cating the off state is input to the power supply control unit
304. If the signal A in the signal state indicating the off state
is input to the power supply control unit 304, the power
supply control unit 304 changes the states of the switches
511 to 518 to the off states, and the image forming apparatus
100 shifts to a power off state.

The power supply control unit 304 may perform control
so that the supply of power to the sensor unit 15 is discon-
nected in the normal operation power mode, and if the image
forming apparatus 100 shifts to the power saving mode,
power is supplied to the sensor unit 15.

With reference to FIGS. 3, 4A, and 4B, a description will
be given below of a human body detection operation per-
formed by the sensor unit 15.

FIG. 3 is a diagram illustrating an example of a detection
area (a detection range) of the infrared array sensor 601 of
the sensor unit 15.

The infrared array sensor 601 according to the present
exemplary embodiment is, for example, a sensor formed by
arranging a plurality of infrared receiving elements (infrared
sensors) on MxN lines or in an MxN grid. In this case, M
and N are natural numbers and may be the same values. The
arrangement of the plurality of infrared receiving elements
in the infrared array sensor 601 is not limited to the MxN
grid, and may be any arrangement. Further, each of the
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plurality of infrared receiving elements (infrared sensors)
included in the infrared array sensor 601 is hereinafter
referred to as an “element”.

The infrared array sensor 601 is characterized by receiv-
ing, by each of elements arranged in a grid, infrared light
radiated from a heat source such as a human body, and using
temperature values measured from the results of the light
reception by these elements, thereby identifying the shape of
the heat source as temperature distribution. As illustrated in
FIG. 3, the infrared array sensor 601 can detect an object
within a space extending radially from a detection surface
(the surface on which the elements are arranged). Using such
characteristics of the infrared array sensor 601, the image
forming apparatus 100 detects the temperature of a heat
source approaching the image forming apparatus 100 and
determines, based on the shape and the temperature of the
heat source, whether the heat source is a human body. To
reliably detect the body temperature of a person, the detec-
tion of an exposed portion of the skin increases the accuracy.
Thus, in the image forming apparatus 100, the detection area
of'the infrared array sensor 601 is set to be obliquely upward
in the front surface direction (the left direction in FIG. 3)
from the main body portion of the image forming apparatus
100 so that the temperature of the face of a person can be
detected. That is, the infrared array sensor 601 is installed
such that the detection surface of the infrared array sensor
601 is directed obliquely upward from the front surface of
the image forming apparatus 100. The infrared array sensor
601 is directed obliquely upward in the front surface direc-
tion so as to avoid detecting the heat of another apparatus
200 placed in front of the image forming apparatus 100, a
personal computer (PC) or a monitor 300 on a desk, or a
person seated on a chair.

When any of the MxN elements detects a temperature
exceeding a preset temperature, the infrared array sensor 601
can output an interrupt signal. Then, the determination unit
602 having received the interrupt signal reads a register to
identify which of the elements detects a temperature exceed-
ing the preset temperature. The image forming apparatus
100 uses the interrupt function of the infrared array sensor
601 to supply power to the determination unit 602 or start
the operation of the determination unit 602. Alternatively,
power may be always supplied to the determination unit 602,
and the determination unit 602 may perform the operation of
reading the detection result of the infrared array sensor 601
every certain period of time.

FIGS. 4A and 4B are diagrams each illustrating an
example of the detection result of a human detection sensor
according to the distance between the image forming appa-
ratus 100 and a human body.

Each of FIGS. 4A and 4B illustrates the distance between
the main body portion of the image forming apparatus 100
and a human body in the upper part and illustrates the
detection result of an infrared array sensor at this distance in
the lower part.

In the present exemplary embodiment, for example, a
description will be given using, as the infrared array sensor
601, an infrared array sensor formed by arranging a total of
64 elements on eight rows 1 to 8 and eight columns a to h.
In the following description, the positions of the elements of
the infrared array sensor 601 are denoted by 1a to 84.

FIG. 4A illustrates a case where a human body enters a
distance area in which the infrared array sensor 601 can
detect the human body, and the detection result of the
infrared array sensor 601 indicates that several elements in
a lower portion, namely, the elements 1c, 1d, 1le, and 24,
detect a heat source. If the human body comes closer to the
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image forming apparatus 100 as illustrated in FIG. 4B, the
detection result of the infrared array sensor 601 indicates
that the temperature detection spreads to an area enlarged
upward, from the first row to the second, third, fourth, and
fifth rows, and also enlarged to the left and right, from the
column d to the columns c, e, b, f and g.

While the person moves from the position in FIG. 4A to
the position in FIG. 4B, the determination unit 602 deter-
mines, based on the detection result in a determination area
6011, whether the person is approaching the apparatus. If the
heat source detected area goes beyond a preset threshold
6013 and enters a return area 6012, the determination unit
602 determines that the human body falls within a prede-
termined distance (a power saving return distance) of the
image forming apparatus 100. Then, the determination unit
602 outputs the power supply request signal Q to the power
supply control unit 304, thereby changing the power state of
the image forming apparatus 100. The threshold 6013 illus-
trated in FIGS. 4A and 4B is set linearly on the fitth row of
the detection area, but does not necessarily need to be linear.
Alternatively, the threshold 6013 may be set obliquely or
may have various shapes such as a V-shape.

As described above, the determination unit 602 acquires
temperature data from elements of the infrared array sensor
601 in a predetermined cycle and determines whether to
switch the power state of the image forming apparatus 100
from the power saving state to the normal power state.

Next, with reference to FIGS. 5 to 12, a description will
be given of the determination process performed by the
determination unit 602.

FIG. 5 is a flowchart illustrating an example of the
determination process performed by the determination unit
602 in the sensor unit 15. The processing of the flowchart is
achieved by, for example, the determination unit 602, which
includes a processor, reading and executing a program
stored in a storage device such as a ROM (not illustrated).

FIGS. 6 to 10 are diagrams for illustrating elements from
which the determination unit 602 reads temperature data in
the infrared array sensor 601.

FIGS. 11 and 12 are diagrams for illustrating the operation
modes of the determination unit 602. As described above,
the determination unit 602 acquires temperature data from
the infrared array sensor 601 in a predetermined cycle and
determines whether to switch the power state. FIG. 11
corresponds to the operation of the determination unit 602 in
the first cycle and in the cycle after a cycle where it is not
determined that a person is detected. Further, FIG. 12
corresponds to the operation of the determination unit 602 in
the cycle after a cycle where it is determined that a person
is detected. That is, if a person is not detected in the previous
cycle, the determination unit 602 operates in the operation
modes in a proportion as illustrated in FIG. 11. If a person
is detected in the previous cycle, the determination unit 602
operates in the operation modes in a proportion as illustrated
in FIG. 12.

After the sensor unit 15 is turned on, then in step S401, the
determination unit 602 measures temperature data (sensor
initial reading) using elements 5101 to 5116 of the infrared
array sensor 601 that are illustrated in FIG. 6. That is, the
determination unit 602 reads temperature data from some
predetermined elements in the infrared array sensor 601. The
reading process in step S401 corresponds to sensor access
15002 in FIG. 11. At this time, the determination unit 602
operates in a normal operation mode 15001.

In the above sensor initial reading, the combination of
elements from which data is read is not limited to the
combination illustrated in FIG. 6. Another combination of
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elements in the infrared array sensor 601 can also obtain a
similar effect. For example, FIG. 6 illustrates a configuration
in which data is acquired from elements placed at odd-
numbered positions (on the odd-numbered columns and the
odd-numbered rows) in the vertical and horizontal directions
of the infrared array sensor 601. Alternatively, the configu-
ration may be such that data is acquired from elements
placed at even-numbered positions (on the even-numbered
columns and the even-numbered rows) in the vertical and
horizontal directions of the infrared array sensor 601. Fur-
ther, data may be acquired not only from elements extracted
at intervals of one element such as odd-numbered or even-
numbered positions, but also from elements extracted at
intervals of two or more elements. For example, data may be
acquired from elements extracted at regular intervals from
the infrared array sensor 601. Alternatively, the extraction
intervals may be varied between an outermost portion and an
inner portion of the infrared array sensor 601. For example,
the extraction intervals may be relatively narrowed (ele-
ments may be relatively densely extracted) in the outermost
portion of the infrared array sensor 601, and the extraction
intervals may be relatively widened (elements may be
relatively sparsely extracted) in the inner portion of the
infrared array sensor 601. Alternatively, in the above sensor
initial reading, the configuration may be such that data is
acquired from only elements placed in the outermost portion
(all or some of the elements placed in the outermost portion)
of the infrared array sensor 601. In the above sensor initial
reading, the configuration may only need to be such that data
is read from some of the elements in the infrared array
sensor 601. Thus, the combination of elements from which
data is read is not limited.

To make the cycle of detecting a person constant, the
determination unit 602 reads data from the infrared array
sensor 601 in a constant cycle T.

In step S402, the determination unit 602 counts the
difference in time between the cycle T and the time taken in
the process of step S401 (WAIT). During this counting, the
determination unit 602 operates in a low power consumption
mode 15003 (FIG. 11) in which power is supplied to only
necessary portions and the operating frequency is reduced.
If the determination unit 602 ends the counting, the pro-
cessing proceeds to step S403.

In step S403, the determination unit 602 determines
whether data indicating a predetermined temperature or
above is present (the presence of a person is detected) in the
sensor data group (5101 to 5116) read in step S401. The
determination process in step S403 corresponds to calcula-
tion 15004 in FIG. 11. At this time, the determination unit
602 operates in the normal operation mode 15001.

Then, if data indicating the predetermined temperature or
above is not present in the sensor data group (5101 to 5116),
the determination unit 602 determines that a person is not
present (the presence of a person is not detected) in the
measurement range of the infrared array sensor 601 (No in
step S403), and the processing returns to step S401. In the
first cycle and in the cycle after a cycle where it is deter-
mined that the presence of a person is not detected, the
determination unit 602 operates in the operation modes in
the proportion as illustrated in FIG. 11. Although depending
on the type of the determination unit 602, the power con-
sumption of the determination unit 602 in the state of FIG.
11 is about 4.2 mW in the present exemplary embodiment.

If, on the other hand, data indicating the predetermined
temperature or above is present in the sensor data group
(5101 to 5116), the determination unit 602 determines that
a person is present (the presence of a person is detected) in
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the measurement range of the infrared array sensor 601 (Yes
in step S403), and the processing proceeds to step S404.

In step S404, the determination unit 602 creates, from the
plurality of elements in the infrared array sensor 601, a
pattern for reading an element group from which data is read
next (a sensor reading pattern).

A description will be given here on the assumption that
the determination unit 602 determines that data indicates the
predetermined temperature or above at the position of the
element 1g (6101 in FIG. 7). In the present exemplary
embodiment, the determination unit 602 creates a sensor
reading pattern 7102, which includes the elements 4f'to 44,
3¢ to 34, 2d to 2h, and 1d to 14 illustrated in FIG. 8 in a
predetermined range having its center at the element 1g
(6101), which is the element determined to have detected a
person.

Elements from which data is read are not limited to the
elements in the area 7102 illustrated in FIG. 8. For example,
the configuration may only need to be such that data is
acquired from an element group dynamically determined
according to the position, in the infrared array sensor 601, of
an element from which a detection result indicating a
temperature equal to or higher than a predetermined tem-
perature is acquired. At this time, the configuration may be
such that data is read from not all the elements in the area
7102 illustrated in FIG. 8, but from some of the elements.
Further, elements from which data is read may be extracted
at regular intervals. Alternatively, the extraction intervals
may be relatively narrowed (elements may be relatively
densely extracted) in an outermost portion of the area 7102,
and the extraction intervals may be relatively widened
(elements may be relatively sparsely extracted) in an inner
portion of the area 7102.

Next, in step S405, the determination unit 602 performs
the operation of reading (sensor reading) temperature data
from the elements in the infrared array sensor 601 that
correspond to the sensor reading pattern created in step
S404. That is, the determination unit 602 reads temperature
data from some elements determined according to the ele-
ment of the infrared array sensor 601 that has detected a
person. The reading process in step S405 corresponds to
sensor access 16002 in FIG. 12. At this time, the determi-
nation unit 602 operates in a normal operation mode 16001.

Next, in step S406, based on the data read from the
element group 7102 in step S405, the determination unit 602
determines whether to return the image forming apparatus
100 from the power saving mode to the normal operation
power mode (whether a return condition is satisfied). In the
present exemplary embodiment, if it is determined that, as
illustrated in FIG. 4B, the heat source detected area goes
beyond the preset threshold 6013 and enters the return area
6012, the determination unit 602 determines to return the
image forming apparatus 100 from the power saving mode
to the normal operation power mode (that the return condi-
tion is satisfied). This determination may be made in step
S408 to be described below.

If it is determined in step S406 to return the image
forming apparatus 100 from the power saving mode to the
normal operation power mode (that the return condition is
satisfied) (Yes in step S406), then in step S409, the deter-
mination unit 602 outputs the power supply request signal Q
to the power supply control unit 304, thereby returning the
power state of the image forming apparatus 100 to the
normal operation power mode. Then, the processing of this
flowchart is ended.

If, on the other hand, it is determined in step S406 not to
return the image forming apparatus 100 from the power
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saving mode to the normal operation power mode (that the
return condition is not satisfied) (No in step S406), the
processing proceeds to step S407.

In step S407, the determination unit 602 counts the
difference in time between the above cycle T of detecting a
person and the time taken in the process of step S405
(WAIT). Only during this counting, the determination unit
602 may operate in a low power consumption mode 16003
(FIG. 12) for applying a current to only necessary portions
and reducing the operating frequency. If the determination
unit 602 ends the counting, the processing proceeds to step
S408.

In step S408, the determination unit 602 determines
whether data indicating the predetermined temperature or
above is present (the presence of a person is detected) in the
data read from the element group 7102 in step S405. The
determination process in step S408 corresponds to calcula-
tion 16004 in FIG. 12. At this time, the determination unit
602 operates in the normal operation mode 16001. As
described above, in the cycle after a cycle where it is
determined that a person is detected, the determination unit
602 operates in the operation modes in the proportion as
illustrated in FIG. 12. Although depending on the type of the
determination unit 602, the power consumption of the deter-
mination unit 602 in the state of FIG. 12 is about 8.4 mW in
the present exemplary embodiment.

Then, if data indicating the predetermined temperature or
above is not present in the data read from the element group
7102, the determination unit 602 determines that a person is
not present (the presence of a person is not detected) in the
measurement range of the infrared array sensor 601 (No in
step S408), and the processing returns to step S401. As
described above, in the cycle after a cycle where it is
determined that the presence of a person is not detected, the
determination unit 602 operates in the operation modes in
the proportion as illustrated in FIG. 11 again.

If, on the other hand, data indicating the predetermined
temperature or above is present in the data read from the
element group 7102, the determination unit 602 determines
that a person is present (the presence of a person is detected)
in the measurement range of the infrared array sensor 601
(Yes in step S408), and the processing returns to step S404.
As described above, in the cycle after a cycle where it is
determined that the presence of a person is detected, the
determination unit 602 continues to operate in the operation
modes in the proportion as illustrated in FIG. 12.

It is assumed here that the determination unit 602 deter-
mines that the data read from the element 2/ (8101 in FIG.
9) indicates the predetermined temperature or above. This
means that the person has moved from the detection position
of the element 1g (6101 in FIG. 7) to the detection position
of the element 2/ (8101 in FIG. 9). Then, in the process of
step S404 in the next cycle, the determination unit 602
creates as a sensor reading pattern an area 9102 (the ele-
ments Se to 5g, 4d to 4h, 3¢ to 3k, 2¢ to 2k, and 1c¢ to 14)
illustrated in FIG. 10.

After repeating the above processing, if the determination
unit 602 determines that the element from which the data
indicating the predetermined temperature or above is read
goes beyond the threshold 6013 (FIG. 3) and is present in the
return area 6012, the determination unit 602 outputs the
power supply request signal Q to the power supply control
unit 304, thereby changing the power state of the image
forming apparatus 100.

As described above, according to the first exemplary
embodiment, the determination unit 602 is configured to
read data only from elements in a predetermined range
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(7102 in FIG. 8 or 9102 in FIG. 10) having its center at an
element (e.g., 6101 in FIG. 7 or 8101 in FIG. 9) determined
to have detected a person. This enables the determination
unit 602 to make a determination regarding a return only by
access to and calculation of minimum elements. This can
achieve low power consumption in the power saving mode.
For example, if a person is not detected in the previous
cycle, the determination unit 602 operates as in FIG. 11
(20% in the normal operation mode and 80% in the low
power consumption mode). If a person is detected in the
previous cycle, the determination unit 602 operates as in
FIG. 12 (40% in the normal operation mode and 60% in the
low power consumption mode). This can achieve far more
power saving in a human detection operation than in the
conventional operation illustrated in FIG. 17 (70% in the
normal operation mode and 30% in the low power consump-
tion mode).

In a second exemplary embodiment, in step S404 in FIG.
5, a sensor reading pattern different from that in the first
exemplary embodiment is created.

In the above first exemplary embodiment, the description
has been given of a configuration in which a predetermined
range having its center at the position of a sensor determined
to have detected a person is created as a sensor reading
pattern.

In the second exemplary embodiment, a sensor reading
pattern is created considering that a person further
approaches the image forming apparatus 100 from another
direction different from the position of the sensor deter-
mined to have detected a person.

With reference to FIGS. 13 and 14, only the differences
from the first exemplary embodiment will be described
below.

FIGS. 13 and 14 are diagrams for illustrating elements
from which the determination unit 602 reads temperature
data in the infrared array sensor 601 according to the second
exemplary embodiment.

In step S404 in FIG. 5, if the element 1g (6101) detects a
temperature equal to or higher than the predetermined
temperature, that is, if the presence of a person is recognized
at the detection position of the element 1g (6101), the
determination unit 602 creates a sensor reading pattern as
described below. Specifically, the determination unit 602
creates a sensor reading pattern for reading data from the
elements in the sensor reading pattern 7102 as illustrated in
FIG. 8 similarly to the first exemplary embodiment and also
reading data from predetermined elements 10101 to 10108
as illustrated in FIG. 13. For example, if it is determined that
the element 1g (11111 in FIG. 14) detects a person, then in
step S404 in FIG. 5, the determination unit 602 creates a
sensor reading pattern (11101 to 10106 and 11112) illus-
trated in FIG. 14.

The rest of the configuration is similar to that of the first
exemplary embodiment and therefore will not be described
here.

In FIG. 13, the description has been given of a case where
some of the elements placed in the outermost portion of the
infrared array sensor 601, for example, some of the elements
(the sensors on the odd-numbered rows in the example of
FIG. 13) on both the left and right edges (the columns a and
h) of the infrared array sensor 601 in FIG. 13, are added to
a sensor reading pattern. Alternatively, the elements on the
even-numbered rows on both the left and right edges may be
added to a sensor reading pattern. Yet alternatively, the
configuration may be such that in a reading pattern, the
elements on both the left and right edges are read by
skipping two or more rows, or all the elements on both edges
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are read. Yet alternatively, the configuration may be such
that not only the elements on both the left and right edges but
all the elements in the outermost portion are read.

Further, in the second exemplary embodiment, the
description has been given of a configuration in which a
predetermined element group as illustrated in FIG. 13 is
added to a reading pattern, regardless of the position of an
element having detected a person. Alternatively, the con-
figuration may be such that an element group present on the
side opposite, in the left-right direction in FIG. 13, to the
position of a sensor determined to have detected a person is
added to a sensor reading pattern. That is, the configuration
may be such that some of the elements placed in the
outermost portion of the infrared array sensor 601 on the
side where, if the infrared array sensor 601 is divided in the
column direction, the position of an element having detected
a person is not included are added to a sensor reading
pattern.

For example, if an element on any of the columns e to h
detects a person, some of the elements on the column a (e.g.,
10101 to 10104) may be added to a sensor reading pattern.
If, on the other hand, an element on any of the columns a to
d detects a person, some of the elements on the column h
(e.g., 10105 to 10108) may be added to a sensor reading
pattern.

Further, the configuration may be such that if it is deter-
mined that an element near the center detects a person,
element groups present on both the left and right edges are
added to a sensor reading pattern. For example, if an element
on any of the columns d and e detects a person, some of the
elements on the columns a and h (e.g., 10101 to 10104 and
10105 to 10108) may be added to a sensor reading pattern.
In this case, if an element on any of the columns fto h
detects a person, some of the elements on the column a (e.g.,
10101 to 10104) are added to a sensor reading pattern. If an
element on any of the columns a to ¢ detects a person, some
of the sensors on the column h (e.g., 10105 to 10108) are
added to a sensor reading pattern.

As described above, in the second exemplary embodi-
ment, the following element group is created as a sensor
reading pattern. The element group corresponds to the
logical sum of a predetermined element group having its
center at an element determined to have detected a person,
and a part of a predetermined element group placed in an
outermost portion of an infrared array sensor or a part of an
element group placed in the outermost portion on the side
opposite, in the left-right direction, to the element deter-
mined to have detected a person.

With such a configuration, according to the second exem-
plary embodiment, when data is acquired from the infrared
array sensor 601 in step S405 in FIG. 5, it is also possible
to efficiently detect the entry of a person from the opposite
direction to the element determined to have detected the
presence of a person in step S403 or S408 in FIG. 5.

In a third exemplary embodiment, a description will be
given of a configuration in which the reading time of the
infrared array sensor 601 in step S405 in FIG. 5 is shortened
to achieve a reduction in the power consumption of the
sensor unit 15.

With reference to FIGS. 15 and 16, only the differences
from the first and second exemplary embodiments will be
described below.

In step S404 in FIG. 5, the determination unit 602 creates
a sensor reading pattern 7102 as illustrated in FIG. 15 and
also determines the order of reading individual elements in
the sensor reading pattern 7102.
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FIG. 15 is a diagram for illustrating the order of elements
from which the determination unit 602 reads temperature
data in the infrared array sensor 601 according to the third
exemplary embodiment. In FIG. 15, a numerical value
described in each element indicates its place in the order of
reading elements.

In the example illustrated in FIG. 15, the determination
unit 602 sets the order of reading elements so that data is
read from the elements concentrically with respect to the
element 1g, at which a person is determined to be present,
and in order of placement position from closest to the
element 1g to farthest from the element 1g, such as
1g—1f—2f—2g— . . . —4f—>4g—4h. The description has
been given of an example in which the concentric elements
are sequentially read clockwise. Alternatively, the concen-
tric elements may be sequentially read counterclockwise.

Next, the determination unit 602 reads data from the
elements in the infrared array sensor 601 in the order
determined as described above. Then, when it is determined
that a person is present at the element 2/(13001) in FIG. 16,
the determination unit 602 stops the reading of the infrared
Sensor.

The algorithm for determining whether to stop the reading
is as follows. The determination unit 602 stores the maxi-
mum temperature of an element from which data is read and
the position of the element. If all the temperatures read from
the elements around (adjacent to) the element are lower than
the stored maximum temperature, the determination unit 602
determines that a person is present at the detection position
of the element. Then, the determination unit 602 stops the
reading. That is, if a person is present at the detection
position of the element 2/ (13001) in FIG. 16, the determi-
nation unit 602 stops the reading of data of the subsequent
elements (13002 to 13004) when the determination unit 602
reads data of the element 3e.

As described above, according to the third exemplary
embodiment, in the process of setting the order of reading
elements in the infrared array sensor 601, and then acquiring
data of the elements in the set order, when it is determined
that a person is detected, the acquisition of data from the
subsequent elements is stopped (omitted) in the process.
This can shorten the operating time of the determination unit
602 and further reduce the power consumption.

The configuration of the third exemplary embodiment is
also applicable to a sensor reading pattern as described in the
second exemplary embodiment. For example, the order of
reading elements is set so that after data is read from the
elements in the order illustrated in FIG. 15, data is further
read from the elements concentrically with respect to the
element 1g and in order from the closest element, such as
11105—11101—+11102—+11106—11103—11104 in FIG. 14.
The description has been given of an example in which the
concentric elements are sequentially read clockwise. Alter-
natively, the concentric elements may be sequentially read
counterclockwise.

Thus, according to an exemplary embodiment of the
present invention, the determination unit 602 can efficiently
acquire the detection result from the infrared array sensor
601. This can shorten the operating time including the
acquisition time of the detection result and the determination
time based on the detection result. Consequently, it is
possible to further reduce the power consumed in a user
detection operation and reduce the power consumption of an
image forming apparatus in a power saving state.

Thus, it is possible to achieve both the power saving and
the responsiveness (usability) of an image forming appara-
tus.
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Embodiments of the present invention can also be realized
by a computer of a system or apparatus that reads out and
executes computer executable instructions recorded on a
storage medium (e.g., non-transitory computer-readable
storage medium) to perform the functions of one or more of
the above-described embodiment(s) of the present invention,
and by a method performed by the computer of the system
or apparatus by, for example, reading out and executing the
computer executable instructions from the storage medium
to perform the functions of one or more of the above-
described embodiment(s). The computer may comprise one
or more of a central processing unit (CPU), micro processing
unit (MPU), or other circuitry, and may include a network of
separate computers or separate computer processors. The
computer executable instructions may be provided to the
computer, for example, from a network or the storage
medium. The storage medium may include, for example, one
or more of a hard disk, a random-access memory (RAM), a
read only memory (ROM), a storage of distributed comput-
ing systems, an optical disk (such as a compact disc (CD),
digital versatile disc (DVD), or Blu-ray Disc (BD)™), a
flash memory device, a memory card, and the like.

While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments.

This application claims the benefit of Japanese Patent
Application No. 2014-147415, filed Jul. 18, 2014, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. An image forming apparatus having a first power state
and a second power state, which is lower in power con-
sumption than the first power state, the image forming
apparatus comprising:

a sensor unit which includes a plurality of elements to

detect a human; and

a control unit configured to acquire a detection result from

part of the plurality of elements and to determine
whether a human is present in a detection range of the
sensor unit based on the detection result from the part
of the plurality of elements, and in a case where it is
determined that a human is present in the detection
range, to acquire a detection result from at least another
part of the plurality of elements of the sensor unit and
to determine whether to shift the image forming appa-
ratus from the second power state to the first power
state based on the detection result from at least another
part of the plurality of elements.

2. The image forming apparatus according to claim 1,
wherein, before determining that a person is present in the
detection range, the control unit is configured to acquire a
detection result from the part of the plurality of elements
during a predetermined period, and after determining that a
person is present in the detection range, the control unit is
configured to acquire a detection result from the part of the
plurality of elements during the predetermined period.

3. The image forming apparatus according to claim 2,
wherein, after acquiring the detection result from the part of
the plurality of elements during the predetermined period,
the control unit is configured to wait until the predetermined
period elapses.

4. The image forming apparatus according to claim 1,
wherein, in a case where the detection result acquired from
the part of the plurality of elements indicates a temperature
equal to or higher than a predetermined temperature, the
control unit is configured to determine that a person is
present in the detection range of the sensor unit.
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5. The image forming apparatus according to claim 1,
wherein the elements are infrared receiving elements for
receiving infrared light radiated from an object.

6. The image forming apparatus according to claim 1,
wherein the sensor unit is an array sensor in which the
plurality of elements are arranged in a grid.

7. An image forming apparatus having a first power state
and a second power state, which is lower in power con-
sumption than the first power state, the image forming
apparatus comprising:

a sensor unit which includes a plurality of elements to

detect a human; and

a control unit configured to acquire a detection result from

part of the plurality of elements and to determine
whether a human is present in a detection range of the
sensor unit based on the detection result from part of
the plurality of elements, to determine a plurality of
elements around an element having detected the
human, to acquire a detection result from the plurality
of determined elements around the element having
detected the human, and to determine whether to shift
the image forming apparatus from the second power
state to the first power state based on the detection
result from the plurality of determined elements around
the element having detected the human.

8. The image forming apparatus according to claim 7,
wherein the control unit is configured to determine, as the
plurality of elements, elements placed in a predetermined
range having its center at an element from which a detection
result indicating a temperature equal to or higher than a
predetermined temperature is acquired.

9. The image forming apparatus according to claim 7,
wherein the control unit is configured to determine, as the
plurality of elements, elements placed in a predetermined
range having its center at an element from which a detection
result indicating a temperature equal to or higher than a
predetermined temperature is acquired, and elements placed
in an outermost portion of the sensor unit.

10. The image forming apparatus according to claim 7,
wherein the control unit is configured to determine, as the
plurality of elements, elements placed in a predetermined
range having its center at an element from which a detection
result indicating a temperature equal to or higher than a
predetermined temperature is acquired, and elements placed
in an outermost portion of the sensor unit on a side where,
in a case where the sensor unit is divided in a predetermined
direction, the element from which the detection result indi-
cating the temperature equal to or higher than the predeter-
mined temperature is acquired is not included.

11. The image forming apparatus according to claim 7,
wherein, in a case where it is determined, based on the
detection result acquired from the plurality of determined
elements, that a person is not present in the detection range
of the sensor unit, the control unit is configured to acquire
a detection result from the part of the plurality of elements
again.

12. The image forming apparatus according to claim 7,
wherein the elements are infrared receiving elements for
receiving infrared light radiated from an object.

13. The image forming apparatus according to claim 7,
wherein the sensor unit is an array sensor in which the
plurality of elements are arranged in a grid.

14. The image forming apparatus according to claim 7,
wherein, before determining that a person is present in the
detection range, the control unit is configured to acquire a
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detection result from the part of the plurality of elements
during a predetermined period, and after determining that a
person is present in the detection range, the control unit is
configured to acquire a detection result from the plurality of
elements during the predetermined period.

15. The image forming apparatus according to claim 14,
wherein, after acquiring the detection result from the part of
the plurality of elements during the predetermined period,
the control unit is configured to wait until the predetermined
period elapses, and after acquiring the detection result from
the plurality of elements during the predetermined period,
the control unit is configured to wait until the predetermined
period elapses.

16. The image forming apparatus according to claim 7,
wherein, in a case where the detection result acquired from
the part of the plurality of elements indicates a temperature
equal to or higher than a predetermined temperature, the
control unit is configured to determine that a person is
present in the detection range of the sensor unit.

17. The image forming apparatus according to claim 7,
wherein, in a case where the detection result acquired from
an element in a predetermined area among the plurality of
elements indicates a temperature equal to or higher than a
predetermined temperature, the control unit is configured to
determine that a person is present in the detection range of
the sensor unit.

18. A method for controlling an image forming apparatus
including a sensor unit which includes a plurality of ele-
ments to detect a human, and having a first power state and
a second power state, which is lower in power consumption
than the first power state, the method comprising:

acquiring a detection result from part of the plurality of

elements and determining whether a human is present
in a detection range of the sensor unit based on the
detection result from the part of the plurality of ele-
ments; and

in a case where it is determined that a person is present in

the detection range, acquiring a detection result from at
least another part of the plurality of elements of the
sensor unit and determining whether to shift the image
forming apparatus from the second power state to the
first power state based on the detection result from at
least another part of the plurality of elements.

19. A method for controlling an image forming apparatus
including a sensor unit which includes a plurality of ele-
ments to detect a human, and having a first power state and
a second power state, which is lower in power consumption
than the first power state, the method comprising:

acquiring a detection result from part of the plurality of

elements;
determining whether a human is present in a detection range
of the sensor unit based on the detection result from the part
of the plurality of elements;

determining a plurality of elements around an element

having detected a human;

acquiring a detection result from the plurality of deter-

mined elements around the element having detected the
human; and

determining whether to shift the image forming apparatus

from the second power state to the first power state
based on the detection result from the plurality of
determined elements around the element having
detected the human.
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